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ABSTRACT
We present X-ray (Chandra), radio (EVLA and EVN ), and archival optical data of the
triple-merging system in NGC 3341. Our panchromatic analysis confirms the presence
of a Seyfert 2 AGN in NGC 3341B, one of the secondary dwarf companions. On the
other hand, the nucleus of the primary galaxy, consistent with a star-forming region
of a few solar masses per year, and NGC 3341C are very unlikely to host an AGN.
We therefore suggest that NGC 3341 is an exceptional example of an AGN triggered
in the satellite galaxy of a minor-merging system. The existence of such a system can
have important implications in the models of hierarchical growth of structures. Further
observational and theoretical efforts on NGC 3341 and potentially similar sources are
needed in order to understand the role of minor mergers on the onset of AGN activity,
and in the evolution of massive galaxies.
Key words: galaxies: active - galaxies: Seyfert - X-rays: individual: NGC3341 -
galaxies: interaction
1 INTRODUCTION
Supermassive black holes (SMBHs) are found at the heart
of most nearby galaxies. Dynamical evidence indicates that
their masses tightly correlate with the stellar velocity dis-
persion of the host bulge (the so–called MBH–σ∗ rela-
tion; Ferrarese & Merritt 2000) revealing a fundamental
connection between SMBHs and galaxy evolution: growth
of SMBHs and build–up of galaxies are closely related
(Di Matteo et al. 2005; Merloni & Heinz 2008). Multiple
Mergers offer a potential physical mechanism linking galaxy
star formation, morphology, and AGN (i.e. active SMBHs)
evolution (e.g. Hopkins et al. 2008). Mergers and interac-
tions can induce large-scale radial motion of the interstel-
lar gas within the host galaxy, and trigger its infall into
the innermost central regions to fuel the AGN and to en-
hance the star-formation activity in the merger remnants
(e.g. Ellison et al. 2011).
“Seed” SMBHs would keep on growing by further merg-
ers and gas accretion, evolving into the population of bright
AGN observed at lower redshifts (z ∼ 2–4) and, finally, into
⋆ E-mail: bianchi@fis.uniroma3.it (SB)
the ubiquitous SMBH relics among massive galaxies in the
local Universe. If galaxies merge hierarchically and all galac-
tic bulges contain SMBHs, the formation of binary/multiple
SMBHs should be therefore inevitable (Haiman & Quataert
2004). Interestingly, the presence of binary SMBHs has been
also linked to many important aspects of the AGN phe-
nomenon (e.g. Komossa 2003, for a review), i.e. the forma-
tion of the molecular torus (key ingredient of the Unified
models), the difference between radio-loud and radio-quiet
AGN, the distortions and the bendings in radio jets, and the
random orientations of the radio jets and bi-conical narrow-
line regions with respect to the rotational axes of the host
galaxy disk. Finally, coalescing binary SMBHs are expected
to be the most powerful sources of gravitational waves.
AGN trace the active, easily-observable phase of SMBH
and, therefore, they clearly are the ideal object where
discovering SMBH. The term “binary AGN” indicates a
system in which two active nuclei form a gravitation-
ally linked pair at orbital separation of 610 pc while a
galaxy with two widely separated active nuclei is called
a “dual AGN”. The longest timescale of the binary evo-
lution is represented by a phase where the nuclei are at
a separation of 0.1–1 pc. Unfortunately, such objects can-
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not be spatially resolved with the present telescopes (e.g.
Merritt & Milosavljevic´ 2005) for a review). On the other
hand, any observational evidence even for dual AGN is so far
very rare. Most of the known candidates have large separa-
tions (tens of kpc), and were found thanks to the SDSS (e.g.
Djorgovski et al. 1987; Kochanek et al. 1999; Hennawi et al.
2006; Myers et al. 2008; Green et al. 2010). On the other
hand, the high penetrative power of hard X–ray observa-
tions provides a unique and often ultimate tool in the hunt
for multiple active nuclei in a galaxy. The first clear-cut
example in the X-rays was found in the Ultra-luminous In-
frared Galaxy (ULIRG) NGC 6240 (Komossa et al. 2003),
followed by a handful of other confirmed cases (Ballo et al.
2004; Guainazzi et al. 2005; Bianchi et al. 2008; Evans et al.
2008; Piconcelli et al. 2010), including the very close pair
(only 150 pc) found recently in NGC 3393 (Fabbiano et al.
2011). A common property of these dual AGN is that they
are heavily dust-enshrouded nuclei. In addition some mem-
bers of these systems show no (or very weak) explicit AGN
evidence in their optical/near-IR spectra.
NGC 3341 is a nearby (z=0.027) disturbed system
consisting of a minor merger between a giant disk galaxy
(MB=−20.3 mag) and two low-mass dwarf companions
within the galaxy disk (see left panel of Fig. 1), with a stel-
lar mass ratio of 50:2:1 (primary:B:C, Barth et al. 2008,
B08 hereafter). The two offset companions are at projected
distance of 5.1 kpc (9.5 arcsec) (NGC 3341B; MB=−17
mag) and 8.4 kpc (15.6 arcsec) (NGC 3341C; MB=−16.6
mag) from the nucleus and may be dwarf ellipticals or the
spheroidal merger remnant of low-mass spirals. The separa-
tion between B and C is ∼12 arcsec i.e. d=6.4 kpc. On the
basis of Sloan Digital Sky Survey observations and follow-up
Keck II spectroscopy, B08 confirmed the physical association
between the three objects (based on the common radial ve-
locity) and discovered the surprising presence of a Seyfert
2 nucleus in the dwarf satellite NGC 3341B. On the other
hand, according to the [O iii]/Hβ vs. [N ii]/Hα emission-flux
diagnostic diagram, the primary nucleus can be classified as
a composite LINER/H ii object. Its nature is, however, still
uncertain as it is consistent with an H ii nucleus on the ba-
sis of another diagnostic diagram. Finally, NGC 3341C show
emission line-ratios typical of LINERs but it was not possi-
ble to definitively assess the presence of an active SMBH at
its center.
NGC 3341 had never observed so far in the X-rays,
with the exception of a non-detection in the ROSAT All-
Sky survey, which corresponds to a loose upper limit of
F0.1−2 keV ≃ 3× 10
−13 erg cm−2 s−1 (B08), which is largely
compatible with the expected X-ray flux for this class of
object. In this paper, we present X-ray (Chandra), radio
(EVLA and EVN ), and archival optical data of this very
peculiar system, in order to unveil the nature of its compo-
nents.
2 OBSERVATIONS AND DATA REDUCTION
In the following, errors and upper limits correspond to the
90 per cent confidence level for one interesting parameter,
where not otherwise stated. The adopted cosmological pa-
rameters are H0 = 70 km s
−1 Mpc−1 , ΩΛ = 0.73 and
Ωm = 0.27 (i.e. the default ones in xspec 12.7.1: Arnaud
1996).
2.1 Chandra
NGC 3341 was observed by Chandra on 2012, Novem-
ber 9, for a total exposure time of 50 ks (ObsID 13871),
with the Advanced CCD Imaging Spectrometer (ACIS;
Garmire et al. 2003). Data were reduced with the Chandra
Interactive Analysis of Observations (CIAO; Fruscione et al.
2006) 4.5 and the Chandra Calibration Data Base (CALDB)
4.5.5 software, adopting standard procedures. Spectra and
count-rates were extracted from circular regions of 2 arcsec
of radius, apart from NGC 3341B (2.5 arcsec), the back-
ground evaluated from circular regions of 5 arcsec of radius.
No source has enough counts for a rebinning which allows
us to use the χ2 statistics. We therefore opted for the Cash
(1976) statistics in the following fits to X-ray data.
2.2 SDSS
The Sloan Digital Sky Survey (SDSS-III) Data Release 9
(DR9) provided us with images in different filters (u: 3551
A˚, g: 4686 A˚, r: 6166 A˚, i: 7480 A˚, z: 8932 A˚) of the NGC3341
field, and an optical spectrum of NGC3341B (Plate: 0578,
MJD: 52339, Fiber: 0495), with a wavelength coverage of
3800-9200 A˚, and a resolution of 1500 at 3800 A˚. Further
details can be found at the SDSS-III website1.
2.3 VLA
We used publicly available, unpublished radio observations
of NGC 3341 taken with the Expanded Very Large Array
(EVLA) on August and September 2009 (ID code AU126) at
a frequency of 4.86 GHz. Since all observations were taken
while the EVLA was in C-configuration, we only present
here the results of the deepest observations, which were car-
ried out on 2009 August 14, when the total on-target time
was approximately 4.5 hr. The absolute flux density calibra-
tor was 1331+305, and the source 1041+061 was used as
phase-calibrator. We used standard calibration procedures
within the NRAO software package AIPS. We also used
AIPS for imaging purposes, using standard hybrid map-
ping techniques. We reached an off-source r.m.s. figure of
15 µJy/b, using a natural weighting scheme. However, our
final image was obtained using a uniform weighting scheme,
which yielded a finer synthesized beam (full-width at half
maximum of 4.2×3.8 arcsec along a position angle of -58
deg) at the expense of a higher r.m.s. (26 µJy/beam). This
allowed us to marginally disentangle the radio emission in
the vicinity of the Nucleus, NGC 3341B and NGC 3341C,
which otherwise appears tangled in the naturally-weighted
image.
2.4 EVN
We observed NGC 3341 on 2013 March 19th and 2013 April
16th with the electronic European VLBI Network (eEVN) at
1 http://www.sdss3.org
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the frequencies of 5.0 GHz (code RSP08; PI: Pe´rez-Torres)
and 1.7 GHz (code RSP08B; PI: Pe´rez-Torres), respectively.
At 5.0 GHz, the array included the following nine anten-
nas: Effelsberg (Germany), Jodrell Bank (Mk 2; UK), Noto
(Italy), Onsala (Sweden), Torun (Poland), Yebes (Spain),
Westerbork (The Netherlands), and Hartebeestoek (South
Africa). At 1.7 GHz, the array was the following: Effelsberg,
Jodrell Bank (Lovell; UK), Medicina (Italy), Onsala, Torun,
Westerbork (The Netherlands), and Hartebeestoek.
The observations were taken at each frequency in the
most sensitive mode currently sustained by the eEVN, i.e.,
1 Gigabit/sec and 2-bit sampling. The antennas observed in
dual polarization, using 16 bands of 16 MHz each, which in
turn were split into 32 spectral channels of 0.5 MHz each,
for a total synthesized bandwidth of 256 MHz, and the in-
tegration time was of 2 sec. These technicalities allowed
us to image the several-arcsecond field around NGC 3341
with milliarcsecond resolution, while minimizing the effects
of bandwidth- or time-smearing.
We observed in phase-referenced mode, alternatively
observing the strong (∼400 mJy at 5.0 GHz, and ∼760
mJy at 1.6 GHz), nearby phase-calibrator J1038+512 and
our target source, NGC 3341, with a typical duty cycle
of 5 min. To calibrate the band-pass, we used OQ 208 at
5.0 GHz, while at 1.7 GHz we used our phase-calibrator,
J1038+512, which was strong enough for band-pass calibra-
tion purposes. We used standard calibration and imaging
procedures within the AIPS package of NRAO, including
flagging, amplitude and parallactic angle correction, deriv-
ing phase, delay and phase-rate solutions, band-pass calibra-
tion, and hybrid-mapping of the phase-calibrator and our
target source, NGC 3341. We also corrected for the electron
content of the ionosphere, which at our observing frequen-
cies may have a significant effect in the measured phases of
the sources.
At 5.0 GHz, our eEVN observations resulted in a syn-
thesized beam of (11.0 mas × 6.0 mas) at a position angle of
47 degrees. The final r.m.s. global noise figure in the image
was of 21 µJy/b, although there were some regions where
the r.m.s figure was larger, likely due to the poor coverage of
the interferometric (u−v) plane and other calibration issues
which could not be fully removed from the data. In partic-
ular, in the region around the nucleus, we found a source
with flux density 81µJy/b (∼3.9 the global r.m.s.) coinci-
dent within a few milliarcseconds with the position of the
X-ray nucleus (and that of the radio position) of NGC 3341.
The local r.m.s around NGC 3341B and NGC 3341C was 26
µJy/b, and we did not find any source brighter than three
times the r.m.s. and close to their X-ray counterparts.
At 1.7 GHz, the synthesized beam was of (16.7 mas
× 13.3 mas) at a position angle of -61 degrees, and the
final r.m.s. was ∼70 µJy/b around the regions of the nu-
cleus, NGC 3341B, and of NGC 3341C. This noise figure
was significantly larger than expected, mainly due to the
corrupted data taken at the Jodrell Bank (Lovell) and Har-
tebeestoek telescopes, as well as due to significant radio fre-
quency interference (RFI) at many antennas, which severely
decreased the sensitivity and fidelity of the final image. We
found no evidence of emission above 3×r.m.s. in the vicinity
of the nucleus of NGC 3341, neither around NGC 3341B,
nor NGC 3341C. We note, however, that given the large
Figure 2. NGC 3341: EVLA observation (4.86 GHz), with the
beam size indicated in the lower left corner. Blue crosses indicate
the Chandra positions (SDSS filter i for source C), red circles the
VLA detections (both at 99% astrometric accuracy). The VLA
detection for source C is marginal (< 3σ).
r.m.s. figure at 1.6 GHz, we cannot exclude that there is an
underlying radio emitting component.
3 THE NGC3341 FIELD
3.1 The nucleus, NGC3341B, and NGC3341C
The nucleus of NGC3341 is clearly detected by Chandra,
even if only marginally in the hard (2-7 keV) X-ray band (see
right panel of Fig. 1 and Table 1). However, the number of
counts is too limited to allow for a meaningful spectral anal-
ysis. We therefore computed a hardness ratio HR ≡ H−S
H+S
,
where H and S are the net counts in the hard (2-7 keV) and
soft (0.5-2 keV) band, respectively. We adopted a Bayesian
estimation of HR and its uncertainties as in Park et al.
(2006). The resulting value of HR= −0.76+0.12
−0.16 is consis-
tent with a very steep (Γ > 2.2) spectrum. Indeed, most of
the X-ray emission is emitted below 2 keV, for a total (0.5-7
keV) luminosity of ≃ 4 × 1039 erg s−1. On the other hand,
the nucleus is by far the brightest source in the radio image
provided by EVLA (see Fig. 2). Its total 5 GHz luminosity
is ≃ 2 × 1038 erg s−1 (see Table 2). However, the 5.0 GHz
EVLA flux is completely resolved out by our 5.0 GHz EVN
observations, and there is no sign of any compact source,
except for a very faint (L5GHz ≃ 6.6 × 10
36 erg s−1) unre-
solved radio source at the 3.9-sigma level. Our 1.7 GHz EVN
observations did not show evidence for any compact source,
either.
NGC3341B is the X-ray brightest object in the field (see
right panel of Fig. 1 and Table 1). Its Chandra spectrum can
be well fitted by a simple power-law, fixed at Γ = 1.7 (e.g.
Bianchi et al. 2009) because it cannot be constrained in the
fit, absorbed by a column density NH = 1.21
+0.14
−0.13 × 10
23
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Figure 1. NGC 3341: SDSS (filter i: left) and Chandra (0.2-8 keV: right) images with labels as in Table 1. Sources undetected in either
image are also marked by a white cross.
Table 1. The sources detected (apart from the upper limit on source C) by Chandra in the NGC 3341 field shown in Fig. 1. See text
for details.
Name RA DEC z CRs CRh Ft Lt
(1) (2) (3) (4) (5) (6) (7) (8)
Nucleus 10:42:31.47 +05:02:37.63 0.027339 4.1+1.7
−1.3 0.6
+0.8
−0.5 2.5
+1.0
−0.8 0.43
+0.17
−0.14
NGC3341B 10:42:32.05 +05:02:41.51 0.027154 3.8+1.6
−1.4 110± 8 270± 19 46± 3
NGC3341C 10:42:31.75 +05:02:52.83 0.027169 < 0.7 < 0.5 < 0.18 < 0.03
SDSS J104232.99+050213.7 10:42:33.00 +05:02:13.47 1.675 22± 3 8± 2 20± 3 4.0± 0.6× 104
SDSS J104230.54+050248.6 10:42:30.57 +05:02:48.89 – 4.2+3.7
−1.7 3.6
+1.6
−1.3 6.6± 1.7 –
CXOU J104231.4+050221 10:42:31.37 +05:02:21.86 – 1.2+1.1
−0.8 2.4
+1.3
−1.0 4.8
+2.2
−1.8 –
CXOU J104231.0+050218 10:42:30.97 +05:02:18.67 – 1.8+1.3
−0.9 1.1
+1.0
−0.7 1.9
+1.1
−0.9 –
Notes.– Col. (1) Name of the source - (2), (3) RA and DEC (J2000) from Chandra if detected, from SDSS (filter i) otherwise - (4)
Redshift (from NED, apart from NGC3341C: B08) (5), (6) Soft (0.5-2 keV) and hard (2-7 keV) count-rates in units of 10−4 c/s - (7)
Total (0.5-7 keV) flux in units of 10−15 erg cm−2 s−1 (8) Total (0.5-7 keV) luminosity (not corrected for absorption) in units of 1040
erg s−1
Table 2. EVLA radio observations of the NGC 3341 field (see Fig. 2). Upper limits correspond to three times the r.m.s. in the 5.0 GHz
EVLA image.
Name Peak flux Total flux Lν,peak Lν,int ν Lν,int
(1) (2) (3) (4) (5) (6)
Nucleus 1048 2380 17.5 ±0.6 39.7±0.9 19.7±0.5
NGC3341B 172 259 2.9 ±0.4 4.3±0.4 1.4±0.2
NGC3341C 678 6 78 61.3 — 60.6
Notes.– Col. (1) Name of the source, as in Table 1 - (2) Peak flux density, in µJy/beam - (3) Total flux density, in µJy obtained from a
single Gaussian fit - (4) 5.0 GHz Peak monochromatic radio luminosity, in units of 1027 erg s−1 Hz−1 - (5) 5.0 GHz Integrated
monochromatic radio luminosity, in units of 1027 erg s−1 Hz−1 - (6) Total 5.0 GHz radio luminosity, in units of 1037 erg s−1
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Figure 3. NGC 3341B: Chandra ACIS spectrum with best fit
model and residuals. See text for details.
Figure 4. NGC 3341B: Chandra ACIS lightcurve (0.2-8 keV)
from the source extraction region (top), the background ex-
traction region normalized to the latter (middle), and the
background-subtracted source extraction region (bottom).
cm−2 at the redshift of the source (see Fig. 3). The 2-
10 keV flux of this model is 5.0 ± 0.4 × 10−13 erg cm−2
s−1, corresponding to an absorption-corrected luminosity of
1.54 ± 0.12 × 1042 erg s−1. No neutral iron Kα line is de-
tected, with an upper limit of 2.5 × 10−6 ph cm−2 s−1 to
its flux (EW< 250 eV). A very faint soft X-ray emission is
detected below the photoelectric cut-off at ≃ 2 keV, consis-
tent with the non-detection by ROSAT (B08). During the
Chandra observation, NGC3341B displayed some variability
(see Fig. 4).
The SDSS optical spectrum is shown in Fig. 5, and the
detected emission lines listed in Table 3. No broad compo-
nents of the Balmer lines are present. Standard diagnostics
based on lines ratio unequivocally indicate that NGC3341B
is a Seyfert 2 galaxy (Fig. 6), in agreement with the results
reported by B08 on the basis of their Keck spectrum. The
Balmer decrement Hα/Hβ ≃ 7 leads to a de-reddened [O iii]
luminosity of ≃ 1.1 × 1041 erg s−1, thus log
(
Lx/L[O iii]
)
≃
Table 3. NGC3341B: optical emission lines in the SDSS spec-
trum (see Fig. 5)
Line λl FWHM Flux
(1) (2) (3) (4)
Hβ 4861.33 160± 30 5.1± 0.7
[O iii] 4958.92 220± 10 19.0± 1.5
[O iii] 5006.85 220± 10 54± 3
[O i] 6300.32 210± 30 6.0± 0.5
[N ii] 6548.06 230± 10 12.0± 1.0
Hα 6562.79 210± 10 35.5± 1.5
[N ii] 6583.39 230± 10 33.5± 1.5
[S ii] 6716.42 215± 10 13.5± 1.0
[S ii] 6730.78 215± 10 10.5± 1.0
Notes.– Col. (1) Identification. Col (2) Laboratory wavelength
(A˚), in air (Bowen 1960). Col. (3) km s−1 (instrumental resolution
not removed). Col. (4) 10−16 erg cm−2 s−1.
1.1, in perfect agreement with the values generally found
in Compton-thin Seyfert galaxies (see e.g. Lamastra et al.
2009). Adopting bolometric corrections appropriate for X-
ray (Marconi et al. 2004) and [O iii] (Lamastra et al. 2009)
luminosities, we get a consistent bolometric luminosity for
NGC3341B of ≃ 2 × 1043 erg s−1. With an estimated BH
mass of 2× 106 M⊙ (from stellar velocity dispersion: B08),
this results in a Lbol/LEdd ≃ 0.08.
NGC3341B is also detected in the radio EVLA im-
age, although not completely resolved from the brighter nu-
cleus (see Fig. 2 and Table 2), and therefore might have
some contribution from the overall nuclear region. Assum-
ing all of the detected 4.86 GHz radio emission is intrinsic
to NGC 3341B, its 4.86 GHz luminosity is ≃ 1.4× 1037 erg
s−1. This value is well consistent with its X-ray luminosity,
when compared to the observed correlation in bright Seyfert
galaxies (e.g. Bianchi et al. 2009; La Franca et al. 2010), al-
though somewhat fainter than expected when compared to
the same correlation in local AGN with lower luminosity
(e.g. Panessa et al. 2007). Any unresolved radio source at
the spatial resolution of the EVN is too faint to be detected
down to a 5.0 GHz luminosity of ≃ 6.1 × 1036 erg s−1 (3
times the r.m.s.), which is not uncommon in nearby Seyfert
galaxies (Panessa & Giroletti 2013).
NGC3341C is not detected neither by Chandra, with
an upper limit to its total (0.5-7 keV) luminosity of ≃ 3 ×
1038 erg s−1 (see Table 1), nor by the eVLA, with an upper
limit (3σ) to its 5.0 GHz luminosity of 6× 1036 erg s−1 (see
Table 2).
Finally, in Fig. 7 a Chandra soft X-ray (0.2-2 keV) image
of the system is shown. It is clear that extended emission is
present around NGC 3341B. This is in agreement with what
commonly found in Seyfert 2 galaxies, and interpreted as gas
photoionised by the AGN, roughly coincident with the op-
tical NLR (e.g. Kinkhabwala et al. 2002; Young et al. 2001;
Bianchi et al. 2006; Guainazzi & Bianchi 2007; Ghosh et al.
2007). Soft X-ray extended emission is also present south-
west of the nucleus, consistent with star formation as ex-
pected from the optical and radio emission properties of this
c© 0000 RAS, MNRAS 000, 000–000
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Figure 5. NGC 3341B: the SDSS optical spectrum, with the best fit emission lines reported in Table 3.
Figure 6. Optical line diagnostic diagrams for the nucleus of NGC 3341 and NGC 3341C (data taken from B08), and NGC 3341B
(this work). Classifications are done after Kewley et al. (2006), and references therein. The dotted line for NGC 3341C is due to the
unconstrained value for the [O iii]/Hβ ratio, the [O iii] emission line being undetected in B08.
source, together with fainter emission connecting the latter
to NGC 3341B, which may be also related to shocked gas as
in the merger systems NGC 6240 (Feruglio et al. 2013) and
NGC 7771+NGC 7770 (Alonso-Herrero et al. 2012). Deeper
high-resolution X-ray observations are needed to investigate
the origin of this emission, possibly coupled with spatially
resolved optical spectroscopy in [O iii] and Hα.
3.2 The other sources in the NGC 3341 field
The Chandra spectrum of SDSS J104232.99+050213.7,
shown in Fig. 8 can be fitted by a power-law (Γ = 1.7+0.3
−0.2),
absorbed by the Galactic column density (2.56×1020 cm−2:
Kalberla et al. 2005). This model has a 2-10 keV flux of
1.9 ± 0.7 × 10−14 erg cm−2 s−1. No neutral iron Kα line is
detected, with an upper limit of 1.1× 10−6 ph cm−2 s−1 to
its flux (EW< 450 eV). This source was classified as a quasar
candidate by Richards et al. (2004), with a photometric red-
shift of 1.675. Considering also the reported uncertainties on
the redshift, the absorption-corrected 2-10 keV luminosity is
therefore 1.6± 0.9 × 1044 erg s−1. No significant variability
is observed during the Chandra observation (Fig. 9).
Although SDSS J104230.54+050248.6 is detected by
Chandra both in the soft and in the hard X-ray bands, the
total number of counts is very low, and no meaningful in-
formation can be extracted from a spectral analysis. The
hardness ratio HR= −0.26+0.14
−0.15 is consistent with a some-
what flat (Γ ≃ 1 − 1.6) or mildly absorbed (up to 6 × 1021
c© 0000 RAS, MNRAS 000, 000–000
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Figure 7. The Chandra 0.2-2 keV image of NGC 3341: extended
emission around NGC 3341B and the nucleus is observed, to-
gether with a faint emission connecting the two sources. The
SDSS (filter i) position of source C is marked by a cross.
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Figure 8. SDSS J104232.99+050213.7: Chandra ACIS spectrum
with best fit model and residuals. See text for details.
cm−2 if Γ = 1.8) spectrum. Its 0.5-7 keV flux is ≃ 7× 10−15
erg cm−2 s−1 (see Table 1). There is no further informa-
tion on this source in the literature, apart from the SDSS
magnitudes: 23.4 (u), 25.1 (g), 24.9 (r), 22.6 (i), 21.6 (z).
CXOU J104231.4+050221 and CXOU
J104231.0+050218 are weaker sources, with no coun-
terpart in the SDSS, nor in the literature. Their hardness
ratios HR are 0.34+0.22
−0.27 and −0.23
+0.22
−0.31 , respectively. They
are consistent with an extremely flat (Γ < 0.6) or rather
absorbed (few 1022 cm−2 if Γ = 1.8) spectrum for the first
source, and an unabsorbed Γ ≃ 1.8 spectrum, albeit with
large uncertainties, for the second source. Their position
Figure 9. SDSS J104232.99+050213.7: Chandra ACIS lightcurve
(0.2-8 keV) from the source extraction region (top), the back-
ground extraction region normalized to the latter (middle), and
the background-subtracted source extraction region (bottom).
appear to be associated to the galaxy NGC 3341. At its
redshift, their 0.5-7 keV luminosities would be ≃ 8×1039 erg
s−1 and ≃ 3×1039 erg s−1, respectively, thus being possible
candidates for Ultra-luminous X-ray sources (ULXs).
4 DISCUSSION
The multi-wavelength observations of the triple merging
galaxy NGC 3341 presented in this paper gave new in-
sights into the nature of this very peculiar system. The
clearest result is on the nature of NGC 3341B: both the X-
ray and the optical SDSS spectrum agree on a classification
as a Compton-thin Seyfert 2 galaxy, confirming with even
strongest evidence the claim by B08 based on their Keck
optical spectrum. All the observed parameters (X-ray and
radio luminosities, the Lx/L[O iii] ratio, the Eddington rate)
are consistent with common values found in local Seyfert
galaxies. The only crucial peculiarity of NGC 3341B is, of
course, the fact that it does not reside in the center of the
main galaxy, but in the nucleus of a dwarf companion. We
will extensively discuss this issue later.
The nature of the nucleus of NGC 3341 is less clear.
The optical spectrum presented by B08 points towards a
classification as a star-forming galaxy, although the [N ii]
line is somewhat more intense than what generally found in
this class of objects, allowing for a possible classification as
a ‘composite’ object (Fig. 6). It is very interesting to note
that B08 report that the optical line profiles are double-
peaked, with a velocity separation of 310 km s−1. The X-ray
spectrum is rather poor, but is consistent with the emission
from a starburst: it is very soft, and the total X-ray luminos-
ity is a few times 1039 erg s−1. Adopting the relations pre-
sented by Ranalli et al. (2003), this luminosity corresponds
to a star-formation rate of ≃ 1 M⊙ yr
−1, which should be
considered only relative to the inner region of the galaxy,
due to the high angular resolution of Chandra. Indeed, a
somewhat larger star-formation rate (≃ 6 M⊙ yr
−1) can be
derived from the observed radio luminosity (e.g. Bell 2003;
Murphy et al. 2011), which encompasses all the galaxy.
c© 0000 RAS, MNRAS 000, 000–000
8 Stefano Bianchi, et al.
Figure 10. Spectral Energy Distribution for the nucleus of
NGC 3341. Fluxes are from VLA (blue triangle), AKARI (vi-
olet upside down triangle), WISE (cyan star), 2MASS (green
squares), and Chandra (red circle). As discussed in the text, we
associate all the WISE flux to the nucleus. The same choice was
adopted for the AKARI flux (only the flux at 90µm is reported as
secure for this source: Yamamura et al. 2010). As a comparison,
the re-normalized SED of the starburst galaxy, M82, is super-
imposed on the data. The SED is adapted from Polletta et al.
(2007), using NED data in the radio band. The X-ray flux of
M82 is taken from the nuclear region (1 kpc radius, comparable
to the 2 arcsec used for the nucleus of NGC 3341) reported in
Strickland et al. (2004).
Interestingly, most of theWide-field Infrared Survey Ex-
plorer (WISE : Wright et al. 2010) mid-infrared emission at
12µm (FWHM≃ 10 arcsec) is clearly associated with the nu-
cleus, not with the AGN in NGC 3341B. Indeed, the WISE
luminosity at 12µm is 1.4 × 1043 erg s−1, an order of mag-
nitude larger than what expected from an AGN with the X-
ray luminosity of B (Gandhi et al. 2009). On the other hand,
the WISE luminosity is consistent with a star-forming rate
of ≃ 4 M⊙ yr
−1 (Donoso et al. 2012), in good agreement
with the above estimates derived from the radio and X-ray
luminosities. This SFR is slightly below the main sequence
of local star-forming galaxies (Elbaz et al. 2011), given the
host stellar mass of the primary galaxy (≃ 1 × 1011 M⊙:
B08), and therefore it appears not to be enhanced by the
merger.
Our milliarcsecond resolution radio images obtained
with the EVN at 1.7 and 5.0 GHz are also more easily rec-
onciled with a starburst dominated scenario. In fact, if the
bulk of the radio emission detected with the EVLA is due
to synchrotron non-thermal emission from relativistic elec-
trons accelerated in supernovae and/or supernova remnants,
which have diffused out their acceleration sites, one expects
that at the distance of NGC 3341 this radio emission is re-
solved out by the EVN, as observed.
Therefore, all the multiwavelength data collected in this
paper are consistent with the nucleus being a star-forming
region (see the Spectral Energy Distribution presented in
Fig. 10). Although also the soft X-ray emission can well be
due entirely by star-formation, it is still possible that an
obscured or intrinsically weak AGN may be present in the
nucleus. Low-Luminosity AGN with X-ray luminosities as
low as few 1039 erg s−1, or even less, are not uncommon in
the local Universe (see e.g. Panessa et al. 2006; Ghosh et al.
2008; Grier et al. 2011, and references therein). Even if the
X-ray data do not exclude this possibility, it is also true that
we have no clear evidence for activity of the nucleus, apart
from the the weak hint from the [N ii] emission line. A more
powerful AGN can be still be present in the nucleus, if it
were obscured by Compton-thick gas. In this case, the in-
trinsic luminosity of the AGN could be of the order of few
1041 erg s−1 (see e.g. Marinucci et al. 2012). However, in this
case the AGN contribution to the optical spectrum would
be significantly larger, at odds with the (almost) complete
lack of signatures in the observed optical spectrum. A possi-
ble solution to this problem can be recovered if the AGN is
completely enshrouded in a Compton-thick medium, which
prevent the ionizing continuum to illuminate in all direc-
tions, and allowing even for larger intrinsic X-ray luminosi-
ties, because the Compton reflecting medium itself would
be absorbed (see e.g. Armus et al. 2007; Ueda et al. 2007;
Noguchi et al. 2009). The presence of such a ‘buried’ AGN
can be unveiled through infrared L-band spectroscopy (e.g.
Imanishi 2006), or future hard X-rays observations with a
focusing telescope with good spatial resolution.
Finally, for NGC 3341C the observational evidence we
have collected so far is even scarcer. As noted by B08, the
poor optical spectrum of this source presents a [N ii] ratio
which is inconsistent with a star-forming galaxy, suggesting
a classification as a LINER. The very low upper limit on
the X-ray luminosity (3 × 1038 erg s−1) is still compatible
with this interpretation, but it is questionable that LIN-
ERs with such a low luminosity really harbour an AGN
at their centre (see e.g. Eracleous et al. 2002; Flohic et al.
2006; Gonza´lez-Mart´ın et al. 2009). As in the case of the nu-
cleus of NGC 3341, our data cannot exclude the presence of
an AGN with larger intrinsic luminosity, if buried in a ≃ 4pi
Compton-thick absorber.
The information we have gathered on the three nuclei
of NGC 3341 allows us to depict three different scenarios for
this complex system.
4.1 Scenario 1: AGN multiplet
AGN triplets are extremely rare, with only a handful re-
ported so far (e.g. Djorgovski et al. 2007; Alonso et al. 2008;
Liu et al. 2011; Schawinski et al. 2011). Such systems are
expected to form via a subsequent merger of a dual AGN
system which has not coalesced yet (e.g. Valtonen 1996), but
they should be much rarer than binary mergers (Darg et al.
2011). For this reason, alternative explanations have been
proposed in some AGN triplet candidates, in terms of in
situ growth from BH seeds (Schawinski et al. 2011).
Although triple SMBH systems are extremely promising
for our understanding of merging and galaxy formation, this
appears as the less likely scenario for NGC 3341. Indeed, an
accreting SMBH is certainly present in NGC 3341B, which
is a common Seyfert 2 galaxy. On the other hand, we have
not found any definite evidence of accretion onto the pri-
mary nucleus and NGC 3341C. Even if it is not possible to
completely exclude accretion activity in either of the two
sources, it is very unlikely that both are AGN.
Once assessed, without any doubt, the presence of an
AGN in one of the nuclei of NGC 3341, this triple merging
c© 0000 RAS, MNRAS 000, 000–000
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system naturally represents an ideal candidate for a dual
AGN system. The absence of clear signatures in the optical
spectra of the nucleus and NGC 3341C is not a very strong
evidence against their AGN activity. However, as summa-
rized in the previous section, no evidence for AGN activity
comes out from the radio and X-ray data, either. Therefore,
although it is difficult to exclude completely the possibility
that at least one of the other two nuclei hosts an AGN, the
possibility that NGC 3341 hosts a dual AGN is unlikely at
the moment.
In any case, it is interesting to mention that the narrow-
line profiles at the nucleus are double-peaked, with a peak-
to-peak separation of ≃ 300 km s−1 (B08). Double-peaked
AGN are widely studied, because considered good candi-
dates to host dual AGN, although with a very low overall
efficiency (only a few percent of double-peaked AGN are in-
deed dual AGN, most of them arising instead from other
mechanisms, like bipolar outflows: Fu et al. 2012). Notwith-
standing, simulations do show that, even if the double peaks
comes from the same NLR, its kinematics may still be in-
fluenced by the relative motions of the two SMBHs (see
Blecha et al. 2013, but the simulations are valid only for
major mergers). In the case of the nucleus of NGC 3341, the
double-peaked spectrum does not belong to an AGN, but to
a star-forming galaxy. Double-peaked galaxies hosting star-
bursts are yet to be studied in detail as done for AGN. A sys-
tematic study performed by Pilyugin et al. (2012) suggests
that two [H ii] regions in separate regions of the galactic
disc can generate the double-peaked emission lines. Given
the slit width adopted by B08 (0.75′′), these star-forming
regions cannot be separately resolved in the Chandra image
presented in Fig. 7.
4.2 Scenario 2: Offset AGN
Major mergers are believed to impress kick velocities up to
several thousand km s−1 on the SMBH generated by the
coalescence of the original two SMBHs, as a result of the
Gravitational Waves emission during the process (see e.g.
Komossa 2012, for a review). The new SMBH will then re-
coil and start oscillating about the core of the host galaxy.
Interestingly, the intrusion of a third galaxy in the merg-
ing system may favour the displacement of one or more
SMBHs in the mechanism know as gravitational slingshot
(Saslaw et al. 1974; Hoffman & Loeb 2007). A displacement
of ≃ 5 kpc from the nucleus, as observed in the case
of NGC3341, is in agreement with the predictions from
hydrodynamic/N-body simulations, considering the low ac-
cretion rate of NGC 3341B (higher accretion rates are possi-
ble only during pericentric passages for short-period recoil-
ing oscillations or before leaving the central dense region for
long-period ones: Blecha et al. 2011). In any case, the corre-
sponding recoiling velocity cannot be directly measured in
NGC 3341B as in other candidates because this source is
an optical Type 2 object, and therefore no velocity displace-
ment can be measured in the (unobservable) broad lines.
Recoiling AGN can carry with them bound matter
within a region roughly on the scale of the BLR (e.g.
Komossa 2012), thus well within the sublimation radius.
Therefore, recoiling AGN can, in principle, be X-ray ob-
scured as NGC 3341B, if the X-ray absorber is located at
the distance of the BLR (as now commonly found in local
Seyfert galaxies: e.g. Risaliti et al. 2005; Bianchi et al. 2009,
2012, and references therein), but it should not be an opti-
cal Type 2 object, because any dusty absorber outside the
BLR itself is not bound to the recoiling AGN any more (e.g.
Civano et al. 2012). If, instead, the BLR reddening is due
to a larger scale material, like a galactic dust lane, it is still
possible that a type 2 object, like NGC 3341B, is a recoiling
AGN.
However, the offset AGN scenario is strongly dis-
favoured by the morphology of the system, which, as well
as being a minor (and not major as generally assumed for
recoiling AGN) merger, is clearly constituted by three still
separated galaxies, each with its own SMBH at the cen-
ter. The offset AGN hypothesis would therefore require the
unlikely occurrence that the SMBH at the center of the pri-
mary galaxy has been kicked at the center of NGC 3341B.
A Hubble Space Telescope observation could help in under-
standing in detail the morphology of the merging system,
and rejecting conclusively the recoiling scenario.
Finally, we would like to stress that, differently from
other hyper-luminous (Lx > 10
41 erg s−1) off-nuclear X-
ray sources (e.g. Farrell et al. 2009; Jonker et al. 2010, and
references therein), NGC 3341B is an optically confirmed
AGN and the nucleus of a dwarf galaxy in a merging system.
Therefore, alternative suggestions proposed for this class of
sources (like an Intermediate Mass BH or a very bright su-
pernova) do not apply in this case.
4.3 Scenario 3: AGN triggering by the merging
process
It is possible that the AGN activity in NGC 3341B is
completely unrelated to the ongoing merging process be-
tween the three galaxies. If the fuelling of Seyfert-like ob-
jects is mainly powered by random accretion events (e.g.
King & Pringle 2007), it is possible that we are simply wit-
nessing a galaxy hosting an AGN which is serendipitously
interacting with other galaxies, without implying that the
interaction itself is the origin of its nuclear activity. As al-
ready noted by B08, although the AGN fraction in low-mass
galaxies is very low, there are other examples of AGN hosted
in galaxies with luminosities similar to B, but they are al-
ways isolated systems. On the other hand, galaxy mergers
and interactions are believed to be the critical players in
the supply of interstellar gas up to the innermost region of
the galaxies, allowing for the ultimate fuelling of the AGN
activity (e.g. Ellison et al. 2011). It is therefore relevant to
speculate on the relation between the AGN activity in B
and the complex merging system in which it resides.
In the hierarchical growth of structures, minor merg-
ers are much more common than major mergers, and there-
fore it is crucial to understand their role in AGN triggering
and galaxy evolution. In this system, it appears that only
one AGN is present, with the exceptional peculiarity that it
is the only known well-studied minor merger in which the
AGN is located in at least one secondary galaxy instead of
the primary. Indeed, such occurrence is basically not ob-
served in large systematic studies of galaxies in minor pairs
(Woods & Geller 2007). This can be explained by an obvious
observational bias, since it is extremely difficult to identify
and separate a smaller and dimmer satellite galaxy from its
primary companion. In this sense, X-ray observations, as in
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the case of NGC 3341, can be extremely powerful in finding
AGN activity in the secondary galaxy, but, due to the lim-
ited X-ray spatial resolution and throughput, they become
rapidly ineffective outside of the local Universe.
Unfortunately, most of the theoretical studies per-
formed so far have been focused on the induced star for-
mation and nuclear activity in major mergers and, there-
fore, there is a lack of detailed time- and spatially-resolved
predictions on the evolution of NGC 3341-like systems. The
numerical simulations of Cox et al. (2008) represent one of
the best effort to address the issue of starburst episodes (that
can be broadly assimilated to AGN activity) in minor merg-
ers. They found that in case of large galaxy mass ratios, the
SFR of the primary galaxy remains basically unchanged dur-
ing the interaction, while the satellite galaxy may undergo a
significant enhancement of its SFR as result of a larger tidal
force effect. This could lead to a faster timescale for the AGN
triggering in the secondary nucleus with respect to the pri-
mary galaxy, thus producing short-lived (and therefore rare)
systems like NGC 3341. According to Cox et al. (2008), for
a merger mass ratio of 1:23.8 (i.e. similar to NGC 3341 B:A,
B08) very little star formation (1-3 M⊙ yr
−1) is expected in
the primary galaxy, that is consistent with our estimates.
However, the efficiency of this process strongly depends
on the real parameters of the system. For example, the frac-
tion of SMBH presence in satellite dwarf galaxies is believed
to be well below unity (Volonteri et al. 2008): without the
BH, of course no AGN activity can be triggered. Moreover,
the gas fraction in the secondary galaxy can be very low,
because it can be easily stripped in the merging process,
thus quenching the onset of AGN activity for lack of fuel
(Cox et al. 2008).
5 CONCLUSIONS
We have presented a comprehensive, panchromatic analysis
of the triple-merging system in NGC 3341. We confirm and
strengthen the classification of NGC 3341B as an AGN, with
typical parameters of local Seyfert 2 galaxies. On the other
hand, the nucleus of NGC 3341 is compatible with a star-
forming region, while NGC 3341C, undetected both in X-
rays and in radio, still cannot be definitely classified, but it
is very unlikely that it could host an AGN.
All the information gathered seems to point to the in-
triguing scenario of an AGN triggered in a satellite galaxy
of a minor-merging system. The rarity of such a system can
be ascribed to a trivial observational bias, which makes it
difficult to separate an intrinsically weak activity, due to
the low mass of the satellite, from the nucleus of the close
primary galaxy. However, the onset of AGN activity in the
secondary galaxy can be intrinsically rare or characterized
by a very short time-scale. Further observational and the-
oretical efforts are needed in order to fully understand the
role of minor mergers in the hierarchical growth of structures
and AGN triggering.
The triple merging system in NGC 3341 still deserves
a deeper investigation. On one hand, infrared L-band spec-
troscopy is needed to find any evidence for AGN activity
in the nucleus of the primary galaxy, or confirm with even
higher confidence its absence. On the other hand, it would
be extremely interesting to look for any evidence of shocked
gas and perform a detailed study of the gas morphology of
this unique system, by mapping the cold and warm molecu-
lar gas through CO and H2 emission, as well as more ionised
gas through [O iii] and Hα emission.
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